We solve the local Gauss law in lattice QCD in the presence of matter charges. This corresponds to constructing singlet states using Schwinger Bosons and Fermions of SU(3) group at each vertex of the lattice. We also calculate the action of various invariant operators on these states required for studying the dynamics.
I. INTRODUCTION
In lattice gauge theory, in the absence of matter fields, construction of gauge invariant Hilbert space can be reduced 1 , by a process called point splitting, to the problem of constructing a singlet Hilbert space at the vertex which satisfies the Gauss law (E are the chromoelectric fields in the adjoint representation and E a is the color currents due to matter fields which can be in any representation. In particular in QCD, it is in the 3 and 3 * fermionic representation. We construct such a singlet Hilbert space here. We also calculate the action of various invariant operators on the basis of the singlet Hilbert space so constructed. These actions are essential for studying the Hamiltonian of lattice QCD.
The plan of the paper is as follows. In section II, we describe Gauss law in lattice QCD in the presence of matter fields and motivate the problem. In sectionIII, we address the problem in the context of simpler SU (2) . Following a short description of Schwinger boson and fermionic representation of SU(2) algebra, we construct a singlet Hilbert space for SU (2) .
We then write down the action of various invariant operators on this basis. In section IV, we repeat the same for SU (3) .
II. GAUSS LAW IN LATTICE GAUGE THEORY
The dynamical variables of the Hamiltonian formulation 3,5 of SU (3) lattice gauge theory are the link operators U i (n), their conjugate electric fields E i (n) and fermionic(spinor) matter fields q(n) and their conjugate variables iq † (n). U i (n) is a 3 × 3 operator valued matrix belonging to the SU(3) group lying on the link starting at site n in the i direction and E i (n) are SU(3) lie algebra valued operators. The matter fields transform under the fundamental 3 representation of SU(3) and its conjugate variable transforms under the 3 * representation.
One can define a right electric field Eī(n + i) by parallel transporting E i (n) along the link
, where λ a are the Gellmann matrices. On a square lattice, the Gauss law at a site n can be stated as follows:
Here, we consider a 2 + 1 dimensional lattice and E a is the color current of matter field and is given by E a = q † λ a 2 q for fermion fields. E a obeys SU(3) algebra. G a (n) generates the gauge transformations at site n. 3 ) = 0. This is the only type of vertex when there are no matter fields. As mentioned in the introduction, singlet space satisfying the above Gauss law at type I vertex has already been constructed 2 . The Gauss law at type II vertex
The construction of a Hilbert space which satisfies this constraint and the action of local, invariant operators on this Hilbert space will occupy the rest of the paper. Note that here we are interested only in the construction of a singlet space and therefore have ignored the spinor indices on the fermion fields. Including spin degrees of freedom adds some more type II vertices which can be dealt with in similar manner as here.
For simplicity, we will first discuss SU(2) fermions and then SU(3).
Therefore, a unique and complete labelling of states is achieved if the quantum numbers satisfy the following relation
This means that from the set (r 1 , r 2 , t, u 1 , u 2 , v) no pair except r 1 , r 2 can be simultaneously non-zero. The action of a gauge invariant operator O on a general normalised basis state is
Therefore, in order to compute the action of various operators on normalized states, one only need ratio of norms and the action of those operators on the unnormalized states. These are calculated in appendix B. Action of various invariant operators on the normalized basis states are listed below. Increase/decrease in any quantum number is denoted with a solid/dotted line.
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This is also pictorially shown in fig. 5 . Change in different quantum numbers are denoted by various symbols as tabulated at the top of the figure. Solid symbols denote an increase in the quantum number by 1 and dotted symbol denotes a decrease by 1. We remark that if the fermion q † is in the 3 * representation, essentially the same results follow with a † interchanged with b † in the above expressions.
V. CONCLUDING REMARKS.
Point splitting technique reduces Gauss law constraint in lattice gauge theory in any dimension into the problem discussed in this paper. The construction described here, helps us to describe SU(3) lattice gauge theory within its physical Hilbert space without any redundant gauge degrees of freedom. Study of lattice QCD dynamics within such a description will be discussed in a future work.
The type-II vertex one gets on inclusion of scalar matter fields is essentially a subset of the already solved 2 type-I vertex with either the number of b or number of a being zero. In order to construct higher SU(3) irreps using fermionic operators, one requires more independent fermions. Such cases could involve, two type of fermions in a type-II 3-vertex and one can construct its singlet space in essentially the same way as described in this paper. Since the point splitting scheme makes such a construction unnecessary in lattice QCD, we don't discuss it here. Our deductions can be generalized to SU(N) using SU(N) Schwinger bosons Appendix A: SU (2) 1. Action of invariant operators.
The action of various invariant operators are computed below: 
In the third step we have used the fact that only one among r 1 , r 2 , v can be non-zero.
Norm
The norm of |s 12 , r i , v u is computed as below. 
and
we have, u s 12 = 0, r 1 , r 2 , v|s 12 = 0, r 1 , r 2 , v u = (r 1 + r 2 + 3v + 1)
The norm is given by
Appendix B: SU(3)
Action of invariant operators
The action of a gauge invariant operator O on the |s ij , r i , t, u i , v u can be computed by using the commutation relations (15) to shift O to the right until it hits |0 . In the following, whenever there is no confusion, only the s ij , r i , t, u i , v values which changes across an equation are written. Also, it is convenient to introduce the following notation
Using (15),
Repeating this s 12 times we get, Since, (a 1 · b 2 )|s 12 = 0, s 21 = 0 = 0, putting back (B16) into (B15) gives Now,
